This paper deals with an analysis of correlation structure among stocks traded in Kuala Lumpur Stock Exchange (KLSE) by using network analysis approach. The minimum spanning tree (MST) related to that correlation structure will be presented to have a better understanding about stocks topological network. An overall centrality measure will be introduced to filter the economic information contained in the MST. This measure will give additional economic information that cannot be delivered by the conventional centrality measures such as degree centrality, betweenness centrality, closeness centrality and eigenvector centrality. 
INTRODUCTION
Stock market regards as a complex system of economic transactions for the trading of company stocks and derivatives at an agree price. The stock price of a given company will be affected by its fundamentals, other associated listed companies, and also influenced by the other factors as shown by the previous comprehensive analysis of [1] . The researchers from diverse disciplines including mathematics and theoretical physics are showing a great interest in analyzing stock market system. They are interested in the behaviour of stocks traded in the market, i.e., the way the stocks relate to each other. The relation among stocks is customarily represented by the correlations among the logarithm of their stock returns. The correlation structure, together with the corresponding stocks, constitutes a complex system in the form of a network or, equivalently, an undirected weighted complete graph with finite number of nodes.
Since the work of Mantegna [2] , the correlation network has becomes an important model to analyze stocks' behaviour. In that paper, he firstly proposed and introduces the use of minimal spanning tree (MST) to construct and analyze network of stocks from Dow Jones Industrial Average index and S&P500 index respectively. Since then, a number of papers followed his idea in analyzing financial market [1, [3] [4] [5] [6] [7] and many other areas such as, for example, volatility [5] , portfolio [1, 8] , risk assessment [8] , politics [9] and complex system [10] . In this paper, we analyze the network of 90 most capitalized stocks at Malaysian stock market.
Originally, the dataset consists of 100 stocks that reflect the most capitalized stocks traded in Kuala Lumpur Stock Exchange (KLSE). However, depends on the availability data, there are 90 stocks have completed daily data from the year of 2007 until 2009. Therefore, there are N = 90 stocks to be analyzed and listed in Appendix A. The main objective of this paper is to have a better understanding about the stocks topological network and the behaviour of those stocks.
In this paper, the procedure to filter the information contained in the network is (i) to transform the correlation among stocks into distance among them followed by the construction of a minimal spanning tree (MST) to simplify the network, and (ii) to summarize the information contained in MST, the centrality measures of each stock such as degree, betweenness, closeness and eigenvector centralities [11] [12] [13] [14] . In order to determine the overall most important stocks, an overall centrality measure will be defined as an optimal linear combination of those measures. The optimality criterion is defined by using principal component analysis (PCA). Furthermore, the visualization of MST together with the stocks' scores in each measure will be made by using Pajek software [15] .
The remaining of the paper is organized as follows. In the next section we will briefly discusses the methodology of data analysis. In Section 3 we present and discuss the empirical results. Then, in Section 4 we will summarize this study and highlight some conclusions for further consideration.
METHODOLOGY

Information filtering
Let ( ) be the stock price of a company i (i =1, 2,…, N) and ( ) be the logarithm of daily stock return at day in a given period is defined as:
( ) = ln ( + 1) − ln ( ).
(1) There have a several steps to filter the information contained in a network of stocks, (i)
The construction of correlation matrix C = ( ) of size × where the correlation coefficient between stocks i and j is calculated by using the following formula,
Here 〈 〉 is the statistical average of ( ) for all t.
The value of indicates the strength of the linear relationship between stocks i and j. In particular, stocks i and j is said to be completely correlated (anti -correlated) as the coefficient c ij = 1 (-1) or uncorrelated as c ij = 0.
(ii)
The construction of distance matrix D = ( ) from C by transforming the correlation coefficient into distance as follows, = �2(1 − ) .
(3) (iii) From distance matrix D, a MST is constructed by using Kruskal's algorithm as suggested in [16] . This MST is the principal tool to simplify the complex system of stocks in the form of an optimal tree. (iv) The information contained in MST is summarized by using centrality measures [11] [12] [13] [14] .
Centrality measures
Centrality measures determine the relative importance for each particular stock in the network. There are four measures, namely, degree, betweenness, closeness, and eigenvector centralities [11] [12] [13] [14] that usually used in stock network analysis. First, the degree centrality of stock is defined as
where is the element of the i-th row and j-th column of the adjacency matrix. The larger the value of ( ), the more the number of other stocks influenced directly by (or influencing directly) stock i. Second, the betweenness centrality of stock is
where, (i) ( ) denotes the total number of pairs (j, k) with ≠ ≠ and between stock and stock there exists a path passing through stock , and (ii) is the total number of paths between stock and stock .
The larger the value of ( ), the more the role of stock i in coordinating other stocks. In other words, high score in this measure means that there are high numbers of stocks where their behaviours will influence other stocks through stock i. ( ) = 0 means that stock i have no role in such coordination. The third measure, i.e., closeness centrality of stock is
where ( , ) is the shortest path (geodesic distance) from stock i to stock k. The summation on the numerator is for all other stocks reachable from stock i. Therefore, ( ) is the average number of shortest paths between i and all other stocks reachable from it. The last measure is the eigenvector centrality of stock [14] 
where = ( 1 , 2 , … , ) is the eigenvector associated with the largest eigenvalue λ of the adjacency matrix. It is the weighted average of the scores of all stocks linked to stock i. The larger the value of , the more the influence of stock i to other stocks directly or indirectly [17] . Higheigenvector scoring stock is the one that has high connections to other high-scoring stocks.
Those four traditional measures are between 0 and 1 and have different meaning. Therefore, it is necessary to define an overall centrality measure if one needs to indicate the overall role of each stock. In this paper, it will be defined by using PCA on the data matrix of size × 4 where the first until the fourth columns of row i represent the score of degree, betweenness, closeness and eigenvector centralities, respectively. Let S be the covariance matrix issued from the said data matrix of size × 4 and = ( 1 , 2 , 3 , 4 ) be the eigenvector of S associated with the largest eigenvalue . Thus, Sv = v The score of stock i in terms of overall centrality measure is defined by,
RESULTS & DISCUSSION
The network studied in this paper represents the set of stocks traded in Kuala Lumpur Stock Exchange (KLSE). We consider 100 most capitalized stocks and then 90 stocks are selected based on their available data from January 2007 to January 2009. The data used in this paper are the close price of the stocks.
By using Kruskal's algorithm provided in Matlab 7.8.0 (R2009a), we obtain a MST of 90 stocks listed in KLSE. The result can be seen in Figure 1 . In that figure, the stocks (nodes) are coloured according their economic activities which are: construction (red), consumer products (yellow), finance (olive green), industrial products (cyan), IPC (purple), plantation (pink), properties (brown), technology (black), and trading and services (blue).
From that figure, two clusters are clearly present with MRCB (Malaysian Resources Corporation/ | 62 | Construction) is the dominant stock in the upper cluster and BURSA (Bursa Malaysia Berhad/ Finance) in the lower one. In general, the position of a given stock in a network has its own characteristics and the position it located on will reflects the relationships between it and other stocks. In order to give further interpretation of the structural position of the stocks in Figure1, we report the scores of each stock in the four traditional centrality measures. Then, we combine those measures by using PCA to get an overall centrality score.
Degree centrality
As a common concept, the score in degree centrality is used to represent the power of each stock to influence directly other stocks in term of the number of influenced stocks. The score of stock i is the proportion of other stocks traded in KLSE that are directly influenced by stock i. 
Betweenness centrality
According to the betweeness centrality measure, BURSA has the highest score (0.7531). It is then at the best position in KLSE in the following sense. The influences of most stocks to the others are passing through BURSA. In other words, the behaviours of most stocks will influence others after having passed through BURSA. Therefore, it plays an important role in KLSE as a liaison that could flow the information among stocks. The other 9 highest-scoring stocks are MRCB (0. 
Closeness centrality
Here, BURSA still is the highest-scoring stock in terms of closeness centrality. Its score is 0.4406 followed by MRCB (0.4238), IJMPLNT (0.3423), AMMB (0.3201), HLFG (0.3112), SAPCRES (0.3112), PBBANK (0.3090), EONCAP (0.3090), KENCANA (0.3090) and YTLCMT (0.3090).Those are the 10 most important stocks in KLSE according to the closeness centrality measure. The higher the closeness centrality score, the quicker the stock receives the influence of other stocks' behaviour.
Eigenvector centrality
Based on the eigenvector centrality measure, BURSA still has the highest score (0.6186) followed by MRCB with scores 0.3848. The other 6 high-scoring stocks are AMMB (0.1586), IJMPLNT (0.1400), HLFG (0.1320), PBBANK (0.1267), EONCAP (0.1267) and YTLCMT (0.1267).
In summary, according to the four traditional measures, the following high-scoring stocks appeared in all four or three measures. BURSA, MRCB, AMMB and IJMPLNT appeared four times while SAPCRES appeared three times. Therefore, these are the strongest stocks in KLSE in terms of their appearance as part of the highscoring stocks in all measures. To best our knowledge, BURSA has the highest scores in those four traditional measures and then followed by MRCB. 
Overall measure of centrality
The score of each stock based on all centrality measures are presented in Appendix A. Since each measure has different role in stock market compared to the others, we need an overall centrality measure that will guide us to find out the most important stocks in general sense. Here, we define the overall centrality measure as an optimal linear combination of the four measures mentioned previously. For that purpose, we use the optimality criterion based on PCA on data matrix of size 90 × 4 representing 90 stocks and their scores in the four measures.
The first principal component explains 86.1% of the total variations while the second one only 12.0% which is far less than the first. With that percentage, see [18] , the first principal component can be sufficiently adequate to determine the overall centrality measure. Based on the first principal component, the overall centrality score of each stock is presented in the last column of Appendix A. From those scores we present in Table 1 
CONCLUSION
In this paper the behaviour of 90 most capitalized stocks traded in KLSE is analyzed using network analysis approach. The stocks together with the correlations among the logarithm of stock returns are considered as a complex system in the form of correlation network. The correlation network is simplified in the form of a MST and the information contained therein is summarized using the four traditional centrality measures, namely, degree, betweenness, closeness, and eigenvector centralities. Since each measure has its own role and purpose, to get overall information about the most important or influential stocks in KLSE, we introduce an overall centrality measure as an optimal linear combination of the traditional centrality measures. The optimality criterion is based on PCA.
According to the traditional measures, there are only five stocks that appeared as the highest-scoring stocks in at least three measures. Those that appeared in the four measures are BURSA, MRCB, AMMB and IJMPLNT while that occur in three measures is SAPCRES. These are the strongest stocks in KLSE in terms of the traditional measures. Similarly, in terms of overall measure, the five highest-scoring stocks are BURSA, MRCB, IJMPLNT, AMMB and SAPCRES.
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